Objective: To determine the vitamin D status of a sample of young Asian children living in England by measurement of plasma 25-hydroxycholecalciferol levels; to relate biochemical measurements with parameters of diet, lifestyle and iron status in this population. Design: The`Infant Feeding in Asian Families' survey covered infants born to mothers of Bangladeshi, Indian or Pakistani origin, plus a sample of children born to White mothers in 41 local authority areas. The current study describes vitamin D values in a sub sample of Asian children from that survey. Setting: Forty-one local authority areas which covered 95% of the Asian population at the time of the 1991 Census and include areas with the highest and lowest density of Asians. Subjects: Seventy-one percent (2382) of mothers who were originally eligible were interviewed on four occasions up to the time their infant was 15 months. One thousand, seven hundred and thirty-eight of these children were followed up for this current study. Of these 618 had a blood sample analysed for vitamin D. 
Introduction
The Social Survey Division of the Of®ce for National Statistics carried out a survey of infant feeding practices in Asian families living in England for the Department of Health between October 1994 and January 1996 (Thomas & Avery 1997) . The survey covered babies born to mothers who de®ned themselves as being of Bangladeshi, Indian or Pakistani origin. The sample was drawn from the register of births in 41 local authority areas. These areas covered 95% of the Asian population at the time of the 1991 census. All children who took part in the survey at about ®fteen months and whose mother agreed to be interviewed again were followed up in October 1996 when they were about 2 y old. The aim was to take a sample of blood from the children to analyse for indicators of iron and vitamin D status and to update information collected earlier in the survey. Full details of the methodology are included in the report of the initial study`Infant Feeding in Asian Families' (Thomas & Avery 1997) . Results for iron status (Lawson et al, 1998) and plasma vitamin D levels have been published previously (Lawson & Thomas 1999) . All children were apparently healthy and none had been previously diagnosed as having nutrient de®ciencies or rickets.
Method
Ethical approval was obtained from the 43 NHS Local Research Ethics Committees which cover the 41 local authority areas in the sample. The eligible sample for this study initially comprised of 1738 children and 1057 had a blood sample and a follow up interview at age 2 y. Blood was analysed for vitamin D in a sub sample of 618 children which comprised 36% of those eligible Ð31% of Bangladeshi, 37% of Pakistani and 38% of Indian children. Reasons for non-analysis in the remainder of the group were mainly technical such as delay between sample collection and arrival at the laboratory. There was an indication that mothers who did not agree to a blood sample being taken for their child were more likely to be better educated, but this ®nding was only statistically signi®cant among Pakistani mothers. Since failure to analyse for vitamin D in those who did provide a blood sample was the result of technical problems it is unlikely that a systematic bias was introduced into the study. Dietary ®ndings for the whole sample are presented; blood results relate only to the sub sample for whom a plasma vitamin D and a haemoglobin result was available.
Mothers who were interviewed at the time of the blood sample were asked to update information collected in previous stages of the infant feeding survey and asked additional questions about whether the child was given vitamins and their consumption of vitamin D containing foods. Dietary information was obtained using a food frequency questionnaire. To estimate exposure to sunlight, questions were asked about how often the child was taken out or played outside, and whether there was a garden or other outside play area used by the child. Data on socioeconomic factors, feeding practices, diet and growth were carried forward from the previous stages of the study.
Serum 25-hydroxy vitamin D was assayed with the INCSTAR TM kit using an equilibrium radio-immunoassay procedure (Bayer Diagnostics 1993); quality control data was within acceptable limits. The relationship between vitamin D levels and a number of variables were examined using multiple regression and bi-variate analysis.
Results
The mean values of serum 25 hydroxyvitamin D for the three groups were 42 nmolal for Bangladeshi and Indian children and 36 nmolal for Pakistani children (Table 1) . The difference between the Pakistani group and the other two groups was statistically signi®cant (P`0.05). Twenty per cent of Bangladeshi, 34% of Pakistani and 26% of Indian values were below 25 nmolal.
There were some methodological differences between the analysis for vitamin D in this study and the NDNS study but when the analyses for this study were repeated following the NDNS procedure the two sets of values correlated well; differences did not reach statistical signi®cance and did not explain the lower values found in the Asian groups.
The association between haemoglobin and vitamin D values is shown in Table 1 . Of the children who had Vitamin D levels measured, 33% of Pakistani, 27% of Bangladeshi and 22% of Indian children had haemoglobin values below 110 gal. Sixteen per cent of Pakistani, 7% of Indian and 10% of Bangladeshi children had low values for both measurements. Between one third and half of children with a low haemoglobin value had a low plasma vitamin D; about half of Bangladeshi and Pakistani children and a quarter of Indian children with a low plasma vitamin D also had a low haemoglobin (Table 1) .
At age two years, 38 ± 46% of Asian children received supplementary vitamins or iron (Table 2) . About nine out of ten Indian and Pakistani children, but fewer (72%) Bangladeshi children had access to a garden or other play area. Forty-eight per cent of Indian, 45% of Pakistani and 56% of Bangladeshi children had not played outside in the previous week.
Data on early feeding is included in Table 2 . Although the incidence of breast feeding for Asian infants was high, by the age of 4 months breast feeding rates were lower than the national ®gures. Full details of dietary intake have been published previously (Lawson et al, 1998) , and are summarised in Table 3 . Almost all children (92 ± 97%) were given milk regularly at age 2 y. More than 95% of Bangladeshi and Pakistani children ate meat at least once a week while 28% of Indian children did not eat meat. More than 75% of Bangladeshi and Pakistani children and 53% of Indian children ate ®sh at least once a week; twenty-two per cent of Bangladeshi children ate ®sh daily. There was a wide ethnic variation in chapati consumption: seventy-three per cent of Pakistani, 55% of Indian and 2% of Bangladeshi children ate chapati at age 15 months (chapati was not recorded as a separate item at age 2 y). Most (88 ± 90%) children included breakfast cereal in their diet at least once a week, whilst 62 ± 72% ate cereal daily. Approximately half of Indian and Pakistani and 23% of Bangladeshi children ate margarine or low fat spread (forti®ed with vitamin D in the UK) on a daily basis. About half of Bangladeshi and a quarter of Pakistani and Indian children never ate a forti®ed spread.
Multiple regression analysis showed for all groups that the level of vitamin D was positively associated with whether children were given vitamin supplements, and for Pakistani and Indian children only, whether they were still given infant formula at 15 months. Using bi-variate analysis, children with vitamin D levels less than 25 nmolal were compared with those with vitamin D greater than or equal to 25 nmolal. The four main factors which had a signi®cant association with low levels were failure to take a vitamin supplement, a haemoglobin of less than 110 gal, a ferritin value of less than 10 mgal and consumption of chapati at 15 months. Indian and Pakistani children with vitamin D levels of less than 20 nmolal were signi®cantly more likely to have eaten chapati at 15 months. When the means were compared, vitamin D levels were signi®cantly lower among the 73% of Pakistani children who ate chapati at 15 months, but among the 55% of Indian children who ate chapati at 15 months the difference was not signi®cant. Other dietary factors which were examined and which did not appear to be related to vitamin D levels were meat, ®sh, forti®ed spread and breakfast cereal consumption. Birthweight and increase in size from birth to 15 months were examined for any association with vitamin D status. Both low birthweight and a high weight or length gain were associated with low vitamin D status in Bangladeshi and Indian children, but among Indian children only increase in weight reached signi®cance. Living in the north of England compared with London or the south was signi®cantly associated with lower vitamin D levels only in Indian children.
Discussion
The ®nding of serum vitamin D levels that are lower than normal values for the indigenous population has been reported from a number of studies investigating immigrant populations both in the UK and other developed countries. A study published in 1986 found that 40% of Asian children aged 20 months studied in Birmingham (UK) had serum vitamin D levels of less than 25 nmolal (Grindulis et al, 1986) . More recently children of Asian, Middle Eastern and African immigrant parents in Australia (Pillow et al, 1995) , and Middle Eastern children in the Netherlands (Meulmeester et al, 1990) were shown to have low vitamin D levels or rickets.
In the recent British National Diet and Nutrition Survey (NDNS) of children aged 1 1 2 ± 4 1 2 y (in which Asian children constituted 2% of the total sample) the mean value of plasma vitamin D for children aged 1 1 2 ± 2 1 2 y was 67 nmolal (Gregory et al, 1995) . Only 1% of values in this survey were below 25 nmolal compared to 20 ± 35% in this current study.
The association between iron de®ciency and vitamin D de®ciency has been described previously in the UK in Asian pre-school children (Grindulis et al, 1986 ) and a high incidence of both rickets and haemoglobin levels below 110 gal in a more recent study in the Yemen (Banajeh et al, 1997) . This may be because dietary and lifestyle factors lead to de®ciencies in both nutrients. Heldenberg et al, 1992 describe the bene®cial effects of iron supplementation on vitamin D status and suggest that iron de®ciency affects gut absorption of vitamin D. There may be a relationship between iron and vitamin D metabolism as there appears to be between iron and vitamin A (Northrop-Clewes et al, 1996) . However the difference between the ethnic groups in the co-existence of iron and vitamin D de®ciency shown in this study seems to indicate lifestyle differences rather than a metabolic cause.
A number of hypotheses have been put forward to explain the higher incidence of vitamin D de®ciency in children of Asian parentage. Asian women have been shown to have low serum vitamin D levels themselves during pregnancy and are therefore less able to provide for their offspring (Alfaham et al, 1995) . The vitamin D content of breast-milk is dependent upon the vitamin D status of the mother, and prolonged exclusive breast-feeding has been described as a risk factor. Although the incidence of breast-feeding in this group of Asian mothers was higher than that seen in a recent national study (Foster et al, 1997) , Asian mothers tended to breastfeed for shorter periods of time and the majority of infants were weaned onto a formula forti®ed with vitamin D (Thomas & Avery, 1997 ). Cow's milk (which is not forti®ed with vitamin D in the UK) contains lower levels of vitamin D than formula and there was a tendency to introduce cow's milk as a main drink before the age of 1 y in this population. Early introduction of cow's milk and a high cow's milk intake in this study did not increase the risk of low vitamin D levels, although there was a non-signi®cant association with these factors.
Evidence of low intakes of vitamin D in Asian children after infancy is con¯icting: in one study intakes in Asian children were described as higher than a white control (Foster et al, 1997) . (Warrington & Storey, 1988) whilst lower intakes were found in another study (Harris et al, 1983) . Intakes also appear to differ according to the Asian group studied (Wharton et al, 1984) . Although meat can be a valuable source of vitamin D and rickets was found to be associated with a vegetarian diet (Henderson et al, 1987) , no signi®-cant difference between vitamin D levels in meat eaters and vegetarians was found in this current study. In the NDNS study, forti®ed breakfast cereals contributed to 16% of the total vitamin D intake and is likely to form a signi®cant part of the intake of this group of children, although there was no association between cereal consumption and vitamin D levels. Forti®ed fat spreads contributed 23% of the total intake for children age 1 1 2 ± 2 1 2 y in the NDNS study. In this current study, blood levels were highest in the Bangladeshi children, who also had the lowest consumption of fat spreads; no association was noted between serum 25-hydroxy-vitamin D levels and margarine consumption in a group of Asian boys (Ellis et al, 1977) . The NDNS report noted that there was a positive correlation between food sources of vitamin D and food intake (Gregory et al, 1995) , although earlier smaller studies have not found an association (Ellis et al, 1977; Henderson et al, 1987) . Most studies show that the dietary intake of vitamin D in the UK is well below the Reference Nutrient Intake of 7 mg daily for this age group and the Department of Health recommend that a supplement should be given to all children under the age of 5 y (Department of Health, 1994) . Failure to take supplementary vitamin D was signi®cantly associated with low plasma vitamin D levels. However the prevalence of vitamin supplementation in this group (38 ± 46%) was considerably higher than in the NDNS survey, where only 19% of children received supplements.
A low calcium intake has been associated with rickets in some children in Africa (Oginni et al, 1996) . Milk is considered to be an important food in most Asian diets and very few children received little or no milk. The highest blood values of vitamin D were seen in Bangladeshi children, who tended to receive less milk than the other two groups, and a low dietary calcium intake is unlikely for Asian children. Although wholemeal cereals can inhibit calcium absorption the lack of association between cereal consumption and vitamin D values found in the study make poor calcium absorption an unlikely contributory factor.
The other main item in the Asian diet which has been associated with vitamin D de®ciency is chapati. It has been postulated that the high phytate content of chapati may interfere with the enterohepatic circulation of vitamin D metabolites (Clements, 1989) . In this study there was an association between chapati consumption and lower vitamin D levels. The association was signi®cant among Pakistani children but did not reach signi®cance among Indian children. Insuf®cient numbers (2%) of Bangladeshi children consumed chapati for an analysis to be made, but it is interesting to note that levels of vitamin D were higher in the Bangladeshi children compared with the other two groups. In one adult study, chapati consumption accounted for 12% of the variance in vitamin D levels (Hunt et al, 1977) and was a signi®cant risk factor for rickets in a number of paediatric studies in the UK (Dunnigan et al, 1976; Ellis et al, 1977; Henderson et al, 1987) .
A low exposure to sunlight andaor reduced synthesis of vitamin D in pigmented skin have also been implicated in Asian rickets. In this study an attempt was made to assess potential exposure to daylight using a retrospective questionnaire format similar to that used in the NDNS. Only 6% of Bangladeshi and 3% of Indian and Pakistani children were never taken for a walk. The proportion of Indian and Pakistani children with access to an outside play area was very similar to children in the NDNS; fewer Bangladeshi children had such access. Two early studies in Asian populations in the UK have also suggested that exposure to sunlight is similar to that of native children (Dunnigan et al, 1976; Henderson et al, 1987) , although the latter study found a lower daylight exposure in rachitic vs non-rachitic Asian children. It has been hypothesised that pigmented skins may require a longer exposure to sunlight in order to synthesise vitamin D compared to white children (Lo et al, 1986) , so a`normal' exposure may be insuf®cient for these children's needs, thus increasing the importance of vitamin supplementation for this group.
Conclusions
The aetiology of vitamin D de®ciency in Asian children is clearly multifactorial, with different predisposing factors operating in the three ethnic groups. The lower levels of vitamin D seen in Pakistani children compared with Bangladeshi and Indian children are even more dif®cult to explain. Poor vitamin D status of the mother, early discontinuation of vitamin enriched infant formula, low compliance with recommended vitamin supplements, inadequate exposure to sunlight and dietary factors are all likely to play a part. It is important that a vitamin D supplement should be taken by Asian and similarly pigmented children living in Northern latitudes up to the age of 5 y, particularly during the winter months. The high association between anaemia and vitamin D de®ciency suggests that children with a diagnosis of one condition should be screened for the other one. Recommendation for parents to continue with an infant formula supplemented with vitamin D and iron until the second birthday could also prove advantageous to vulnerable groups if supplements are not taken. It is regrettable that although iron supplements are prescribable by family doctors, the Childrens' Vitamin drops recommended by the Department of Health are not able to be prescribed and there is no single nutrient prescribable form of vitamin D available in the UK. In addition families who receive milk tokens as part of income support can only redeem them for unforti®ed liquid cow's milk after their child reaches the age of one year. Further work needs to be done in order to identify more fully the place of genetic, environmental or dietary factors affecting vitamin D metabolism, and into the most effective method of delivering advice and supplementation.
